Abstract. The purpose of the present study was to evaluate the prognostic value of preoperative coagulation factor levels (including fibrinogen and D-dimer) and inflammatory indicators in patients with non-small cell lung cancer (NSCLC). The medical records of 456 patients with NSCLC who had undergone curative resection were retrospectively analysed. The recommended cut-off values for preoperative fibrinogen, neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio and lymphocyte-monocyte ratio were determined using receiver operating characteristic curve analyses. The associations between preoperative fibrinogen or D-dimer levels and clinicopathological variables were analysed using the χ 2 test. Univariate Kaplan-Meier analysis and a multivariate Cox proportional hazards model were applied to identify which prognostic variables were significantly associated with overall survival (OS) rates. Multivariate analyses revealed that lymph node metastasis (P<0.001), preoperative fibrinogen (P=0.024) and NLR (P= 0.028) were effective independent prognostic variables associated with OS. Based on this result, a novel, single inflammation-based combination of fibrinogen and NLR (COF-NLR) score was proposed for the determination of prognosis. Patients with elevated fibrinogen and NLR levels were allocated a score of 2 (n=136), and those that demonstrated elevated levels of one or neither were allocated a score of 1 (n=152) or 0 (n=168), respectively. The 5-year OS rates were significantly poorer for patients with COF-NLR=2 compared with those with P<0.001). A subgroup analysis demonstrated that the prognostic significance of COF-NLR was independent of histological subtype, lymph node metastasis and pathological stage. Therefore, COF-NLR has potential as a novel and useful blood marker for predicting tumour progression and the postoperative survival of patients with NSCLC. It may assist clinicians in risk stratification, prognosis predictions and facilitating individualised treatment.
Introduction
Lung cancer is a leading cause of cancer-associated mortality worldwide and 80% of all lung cancer cases are non-small cell lung cancer (NSCLC) (1) . Radical surgery is the standard treatment for NSCLC. However, a large number of patients experience disease progression, and therefore, a poor prognosis, within a short time following resection (2) . Although several studies have been performed, the optimal prognostic factors for facilitating individualized treatments and an improvement in the prognosis of patients with NSCLC remain controversial (3) . Therefore, it is of great importance to identify reliable preoperative prognostic variables to perform prognostic risk stratification and provide individualised treatment.
Previously, significant attention has been paid to the association between malignancies and coagulation (4) . Among the coagulation factors, fibrinogen and D-dimer have been widely studied and are regarded as important prognostic factors in multiple types of solid tumour; including colorectal (5), uterine (6) , cervical (7) and breast carcinoma (8) . However, data regarding the prognostic significance of fibrinogen and D-dimer levels in NSCLC are lacking.
It has been widely recognized that cancer-related inflammatory variables, including the neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR) and lymphocyte-monocyte ratio (LMR), serve an important role in the promotion of cell proliferation, angiogenesis and tumour metastasis, and in the inhibition of apoptosis (9, 10) . Recently, an increasing number of studies have evaluated the prognostic significance of the combination of fibrinogen and NLR (COF-NLR) to predict postoperative survival in patients with oesophageal squamous cell and colon cancer (11) (12) (13) . However, the prognostic significance of these two variables in patients with NSCLC has not been fully investigated.
Prognostic significance of the combination of preoperative fibrinogen and the neutrophil-lymphocyte ratio in patients with non-small cell lung cancer following surgical resection
Therefore, in the present study, a retrospective analysis was conducted to assess the prognostic relevance of preoperative coagulation factors and inflammatory indicators in a cohort of patients with non-metastatic NSCLC. Furthermore, a novel prognostic score was established by combining the optimal coagulation and inflammatory indicator status to assess the prognosis of patients with NSCLC that have undergone a complete resection.
Patients and methods
Patient selection. A total of 456 histopathologically-confirmed patients with NSCLC, who had undergone complete pulmonary resection and systematic lymphadenectomy with curative intent at the Department of Thoracic Surgery, the First Hospital of Qinhuangdao between January 2007 and June 2011, were retrospectively analysed. All patients provided written informed consent for the use of their information from the hospital database in the present study.
The eligibility criteria for the present study were as follows: Histopathologically-confirmed primary NSCLC without distant metastasis, complete surgical resection and systematic node dissection, no clinical evidence of infection or other inflammatory conditions, no autoimmune or coagulation disorders, no preoperative chemotherapy, radiotherapy or other treatment, complete clinicopathological records, including preoperative coagulation test, blood cell counts and complete follow-up as described below.
The preoperative evaluation included a physical examination, biochemical tests, coagulation tests, complete blood cell counts, flexible bronchoscopy, chest radiography, computed tomography (CT) scans, brain magnetic resonance imaging and radionuclide bone scans. The clinical stage was evaluated on the basis of the 7th edition of the Tumour-Node-Metastasis (TNM) classification for NSCLC by the Union for International Cancer Control (14) .
Coagulation measurements and blood cell count analysis.
Fasting preoperative venous blood samples were obtained within one week prior to surgery and were stored in a blood collection tube containing EDTA. Preoperative plasma fibrinogen concentrations were assayed based on the Clauss clotting method using DADE Thrombin Reagent™ and a Sysmex CA-7000 analyser (Sysmex Corporation, Kobe, Japan) (15) . The plasma D-dimer level was measured by Microparticle Enzyme-linked Immunoassay using AxSYM analyser (Abbott Laboratories, Chicago, IL, USA), according to the manufacturer's protocols.
Complete blood cell counts and differential white blood cell count analysis of all patients were performed using the Sysmex XE-5000 automated haematology analyser (cat. no., M349228; Sysmex Corporation, Kobe, Japan). The NLR was defined as the neutrophil count/the lymphocyte count. The PLR was defined as the platelet count/the lymphocyte count. The LMR was defined as the absolute lymphocyte count/the absolute monocyte count.
Definition of COF-NLR score. The preoperative COF-NLR score was calculated by combining the fibrinogen and NLR, as previously described (11-13); patients with elevated plasma fibrinogen and NLR levels were assigned a score of 2, those that demonstrated elevated levels of one or neither were assigned a score of 1 and 0, respectively.
Follow-up assessments. Following surgery, all patients received a follow-up evaluation via verbal or written correspondence or hospital visits every 3 months for the first year, every 6 months for the second year and subsequently every year until mortality or the final follow-up date (June 2016). Physical and laboratory examinations, as well as imaging studies, were performed at each hospital visit. Patient check-up included physical examination, tumor-marker examination, chest radiography, CT scans, neck and abdominal ultrasonography, and radionuclide bone scans when necessary to detect recurrence and/or metastasis. Overall survival (OS) time was calculated as the period from the date of surgery to the date of the patient's mortality or the final follow-up. The follow-up rate was 95.6% and the overall median follow-up time of the entire cohort was 42 months (range, 3-108 months).
Statistical analysis. All statistical analyses were performed using SPSS software version 18.0 (SPSS, Inc., Chicago, IL, USA). The most appropriate cut-off values of the preoperative fibrinogen, NLR, PLR and LMR for survival prediction were calculated using receiver operating characteristic (ROC) curve analyses. The area under the curve (AUC) was determined to estimate the diagnostic accuracy. The χ 2 test was used to analyse statistical associations between categorical variables. The 5-year OS rate was calculated by Kaplan-Meier analysis and compared using the log-rank test. Factors identified as potentially significant by univariate analyses (P<0.05) were entered into a multivariate analysis with Cox regression model to identify the significant independent prognostic factors. The foundation of a novel prognostic score was based on the risk factors identified in the Cox proportional hazard model. P<0.05 was considered to indicate a statistically significant difference. Based on these cut-off point values, patients were divided into two groups for each measured variable: Fibrinogen [low (≤3.77 g/l, n=246) and high (>3.77 g/l, n=210)], NLR [low (≤2.28, n=242) and high (>2.28, n=214)], PLR [low (≤106.24, n=145) and high (>106.24, n=311)], and LMR [low (≤3.7, n=240) and high (>3.7, n=216)].
Results

Clinicopathological variables of patients.
Furthermore, the reference value for D-dimer was ≤500 ng/ml. Among the enrolled patients, 325 (71.3%) demonng/ml. Among the enrolled patients, 325 (71.3%) demonng/ml. Among the enrolled patients, 325 (71.3%) demonstrated low plasma D-dimer levels (D-dimer ≤500 ng/ml) and 131 (28.7%) demonstrated high plasma D-dimer levels (D-dimer >500 ng/ml). Patients were therefore categorized into two groups according to plasma D-dimer levels: Low (D-dimer ≤500 ng/ml) and high (D-dimer >500 ng/ml).
Association between preoperative fibrinogen or D-dimer levels and clinicopathological variables.
The associations between preoperative plasma fibrinogen or D-dimer levels and the clinicopathological variables of patients with NSCLC are presented in Table I . These results revealed that high preoperative plasma fibrinogen levels were significantly associated with sex (P<0.001), age (P= 0.018), smoking history (P<0.001), lesion type (P= 0.001), T stage (P<0.001), pathological stage (P= 0.002), NLR (P<0.001), PLR (P<0.001) and LMR (P<0.001). However, no statistically significant associations were identified between preoperative plasma fibrinogen level and tumour location or lymph node metastasis (P>0.05).
There were also significant associations between D-dimer level and age (P= 0.035), T stage (P= 0.011), pathological stage (P=0.001) and NLR (P=0.005). However, no significant associations were identified between D-dimer level and sex, smoking history, tumour location, lesion type, lymph node metastasis, PLR or LMR (all P>0.05; Table I ).
Prognostic significance of preoperative coagulation and inflammatory indicators. Kaplan-Meier analyses and log-rank tests were performed to determine the prognostic value of coagulation factors and inflammatory indicators in predicting patient 5-year OS rates. The data demonstrated that the 5-year OS rate and median OS time of the fibrinogen-low group were significantly higher than those of the fibrinogen-high group (Table II) .
All 10 factors indicated as significant by univariate analyses were further subjected to multivariate analyses with a Cox proportional hazards model to determine the independent prognostic factors associated with OS. The results indicated that lymph node metastasis (P<0.001), plasma fibrinogen level (P= 0.024) and NLR (P= 0.028) were significant independent prognostic variables associated for a poor OS rate (Table III) .
Prognostic analysis based on COF-NLR score for NSCLC patients.
According to the grading system of the COF-NLR score, 168 (36.8%) patients had a COF-NLR score of 0, 152 (33.3%) patients had a COF-NLR score of 1 and 136 (29.8%) patients had a COF-NLR score of 2. The 5-year OS rates for patients with COF-NLR scores of 0, 1 and 2 were 50.0, 34.2 and 23.5%, respectively (P<0.001; Fig. 3 ). Therefore, it was possible to classify the patients into three distinct prognostic groups using the preoperative COF-NLR score.
Prognostic significance of preoperative COF-NLR in subgroups of patients.
The results of the present study demonstrated that preoperative COF-NLR was significantly associated with OS. To further evaluate the prognostic value of COF-NLR in subgroups of patients with NSCLC, the patients were further classified according to histopathological subtype, lymph node status and pathological stage. The results revealed that, in the squamous cell cancer subgroup, COF-NLR exhibited notable prognostic value in predicting poorer OS rates (Fig. 4A ) and was also effective in patients with adenocarcinoma (Fig. 4B) . In addition, COF-NLR was a prognostic indicator for OS in patients with or without lymph node metastasis (Fig. 5) . Furthermore, when stratifying the patients based on clinical stage, COF-NLR also retained its predictive value for patients with pathological stage I, II or IIIA tumours (Fig. 6) . Therefore, it appears that COF-NLR may serve as a powerful prognostic factor for categorising patients with NSCLC into different risk subgroups.
Discussion
Establishing one optimal preoperative prognostic factor for facilitating individual risk stratification and management is critical for improving outcomes for patients with NSCLC. Although numerous studies have been conducted to search for predictors, there is a continuing debate regarding the optimal preoperative prognostic factor for NSCLC (16) (17) (18) . The activated coagulation system and systematic inflammatory response serve important functions in tumour invasion, angiogenesis promotion, metastasis and poor prognosis in several types of malignant disease (3, 19, 20) . Therefore, the present study evaluated the clinical and prognostic value of preoperative coagulation factor levels (fibrinogen and D-dimer) and inflammatory variables (NLR, PLR and LMR), and assessed the prognostic value of combining fibrinogen with NLR in NSCLC as a novel, single prognostic model.
Tumour-mediated activation of the coagulation pathway is associated with tumour growth, angiogenesis promotion and metastasis (21) . Fibrinogen and D-dimer are key components of the coagulation system. Fibrinogen, an acute-phase reactant glycoprotein, is involved in the thrombin transformation of the coagulation cascade and clot formation (22) . D-dimer, a stable end product of fibrin degradation, is associated with the presence of venous thromboembolism in cancer patients (23) . The present study analysed the association between preoperative fibrinogen, D-dimer and clinicopathological variables. It identified that elevated fibrinogen was associated with the tumour size (T) and TNM stages, which is consistent with the findings of Zeng et al (3) . Furthermore, the association between preoperative elevated D-dimer levels and clinicopathological variables in NSCLC was reported for the first time, and the results demonstrated that elevated D-dimer levels were also associated with the T and TNM stages. In addition, the results of multivariate prognostic analyses revealed that preoperative elevated fibrinogen levels, not D-dimer levels, was an independent prognostic factor for patients with NSCLC. However, the mechanism for this effect remains to be elucidated. A previous study demonstrated that interleukin-6 produced by cancer cells could stimulate the secretion of fibrinogen in lung cancer (24) . Furthermore, elevated fibrinogen can promote angiogenesis and facilitate tumour cell metastasis by serving as an extracellular matrix for migration (25, 26) . OS, overall survival; MST, median survival time; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; LMR, lymphocyte-monocyte ratio. Kaplan-Meier survival analysis with the log-rank test was used to calculate P-values.
Imbalance in the host systematic inflammatory system serves an important role in tumour progression, proliferation and metastasis (27) . A systematic inflammatory response causes variations in the number of circulating white blood cells, including neutrophils, lymphocytes and monocytes, during cancer progression (11) . Previous studies have reported that three haematological indices, as the ratio of absolute counts of these three white cell constituents (NLR, PLR and LMR) were independent prognostic factors in NSCLC (28) , gastric cancer (29) and oesophageal cancer (30) . The present study examined the prognostic value of preoperative NLR, PLR and LMR in patients with NSCLC. The results demonstrated that a decreased 5-year OS rate in patients with NSCLC was associated with a higher NLR and PLR, and a lower LMR. In multivariate survival analysis, a higher preoperative NLR was demonstrated to be an independent prognostic factor for patients with NSCLC. Neutrophils promote tumour angiogenesis by releasing angiogenic factors, including vascular endothelial growth factor, angiopoietin-1 and fibroblast growth factor-2 (31). Lymphocytes can induce the suppression of antitumor immunity by releasing inhibitory immunological mediators, including interleukin-10 and transforming growth factor-β (32). This may explain why an elevated NLR was associated with poorer survival rates in patients with NSCLC.
The present study also investigated the association between the three inflammatory indictors and coagulation factors, and demonstrated that higher fibrinogen levels were associated with NLR, PLR and LMR, whereas elevated D-dimer levels were only associated with higher NLR. Host inflammatory (monocyte/macrophage) cell-mediated triggering of clotting activation may be one possible mechanism in NSCLC (33) . However, the mechanism behind activation of coagulation due to an increase in host inflammatory response requires further study.
As fibrinogen and NLR were demonstrated to be independent prognostic factors for patients with NSCLC in the present study, COF-NLR may aid the identification of patients with a poor prognosis following surgery and the provision of individualised treatment. In previous studies, the combined prognostic value of fibrinogen with inflammatory indicators has been discussed for gastric (11) , bladder (34), hepatocellular (13) and oesopha-(11), bladder (34), hepatocellular (13) and oesopha-(11), bladder (34), hepatocellular (13) and oesopha-(34), hepatocellular (13) and oesopha-(34), hepatocellular (13) and oesopha-(13) and oesopha-(13) and oesophageal squamous cell carcinoma (35) . However, the prognostic significance of COF-NLR has not been reported in NSCLC and this was investigated in the present study. Based on the preoperative COF-NLR score proposed in the current study, patients with NSCLC were divided into three distinct risk groups. The prognostic value of COF-NLR for histological subtype, lymph node metastasis and pathological stage subgroups was also investigated. The COF-NLR maintained its prognostic value in OS prediction for all subgroups of patients with NSCLC, indicating the reliable prognostic value of COF-NLR. To the best of our knowledge, the present study was the first to investigate the prognostic value of COF-NLR in patients with NSCLC. Considering that fibrinogen and NLR are markers that can be readily evaluated in conventional blood analyses (11), the preop-(11), the preop-(11), the preoperative assessment of COF-NLR may be suitable as a reliable prognostic tool for patients with NSCLC; the lower-scoring COF-NLR groups are associated with an improved prognosis compared with the higher-scoring COF-NLR groups. Kaplan-Meier survival analysis with the log-rank test was used to calculate P-values.
However, there are certain limitations to the present study. To begin with, this retrospective study was conducted by a single institution. Secondly, all data were selected from one relatively small sample of patients, and a control arm was not set for validation. Therefore, the preoperative prognostic significance of COF-NLR in patients with NSCLC should be further strengthened in a larger, multicentre prospective study.
In conclusion, in the present study it was identified that, of the coagulation and inflammatory indicators, preoperative fibrinogen and NLR were independent prognostic predictors for NSCLC. A novel prognostic factor was further proposed, based on the combination of fibrinogen with the NLR from blood specimen analysis (COF-NLR), and was demonstrated to have prognostic predictive potential for patients with NSCLC. In the future, by adding this prognostic factor to clinical work, it may be possible to make insightful preoperative prognostic predictions and customise individual treatment plans for patients with NSCLC. 
